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TOfiRMATION 



Re: National Phase in China of PCT/US2005/001 402 

In the name of Battelle Memorial Institute 

Title: Methods and Apparatus for Producing Ferrate (VI) 

CN Application No.: 200580002471 .5 

YourRef.: 22114(1)CN 

Our Ref.: 080600408 



Dear Mr. Wiesmann: 

In connection with the above-referenced application, the State Intellectual Property 
Office [SIPO] of the PRC has issued the First Office Action, which is enclosed with its 
English translation. 

In summary, the Examiner points out that there lacks unity between independent claim 1 
and each of independent claims 46, 62, 93, 96, and between independent claims 25 and 78, 
which is not in conformity with the provisions of Article 31(1) of Patent Law; and compared 
with Reference 1 (US4256551), claims 1-4, 6-7 and 12-18 do not possess novelty under 
Article 22(2) of Patent Law; claims 4-13 and 19-24 do not possess inventiveness under Article 
22(3) of Patent Law. Please see the attached text of the First Office Action for the Examiner's 
detailed opinions. We also would like to provide the following further information for your 
reference. 



Regarding the issues of novelty and inventiveness. 

Pursuant to the related regulations about novelty in China, generally if the technical 
scheme of an invention is substantively same as that of one reference, and a person having 
ordinary skills in the art could determine that both technical schemes can apply to the same 
technical field, to solve the same technical problem and achieve the same technical effect, this 
invention has no novelty. 

Therefore, regarding the issue of novelty in this case, we suggest comparing this 
invention with Reference 1 mainly in technical scheme, and stating the distinguishing 
technical features in technical schemes. If the technical fields, technical problems to be solved 
and technical effects achieved, especially technical fields, are different, the response should 
include such aspects too. 
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Furthermore, according to Chinese practice, on the basis that the novelty of the invention 
has been proved, it is also necessary to prove the inventiveness of the invention. As for the 
inventiveness issue, please see our suggestion below for your reference. 

Pursuant to the related regulations about inventiveness in China, generally an Examiner 
works on three aspects: (1) finding a closest 1 st technical scheme in the art (1 st reference) to 
determine distinguishing features of an invention; (2) finding a 2 nd technical scheme in the art 
(another part of 1 st reference, or 2 nd reference, or common knowledge in the art) to prove that 
2 nd technical scheme discloses related techniques and the related techniques act the same 
functions as the distinguishing features in the invention, which is deemed to provide a 
teaching from 1 st technical scheme or a combination of 1 st and 2 nd technical schemes to apply 
the distinguishing features to the 1 st technical scheme to solve the technical problem solved by 
the distinguishing features of the invention, concluding obviousness; (3) determining whether 
the invention provides beneficial technical effects. 

Therefore, regarding the issue of inventiveness in this case, we suggest finding out (1) 
distinguishing features of this invention by comparing with Reference 1, (2) whether 
Reference 1 does disclose the similar or same techniques related to the distinguishing features, 
whether the disclosed techniques act the same functions as the distinguishing features in the 
invention, or whether the distinguishing features belong to common technical knowledge of 
the art, (3) the beneficial technical effects provided by the invention; and then preparing 
arguments on the above information. 

If claims in this invention indeed do not possess novelty or inventiveness in regard to the 
cited Reference, we suggest making amendments to them so as to make them acquire novelty 
or inventiveness. If the applicant wishes, upon receiving your instructions, we can do the 
comparison, provide analysis and proposed amendments and prepare the response. 
Our attorney fee is based on the time spent in handling this matter; the billing rate of the 
attorney handling this matter would be USD 125 per hour. 

Regarding the issue of unity, to determine whether two or more inventions claimed in an 
application meet the requirement of unity in accordance with Article 31(1) and Rule 35 is to 
determine whether the substantive contents of the technical solution described in the claims 
belong to a single general inventive concept , that is, to determine whether these claims 
contain one or more of the same or corresponding particular technical features which make 
the claimed inventions technically interrelated , wherein said particular technical features 
mean those technical features that define a contribution which each of the inventions, 
considered as a whole, makes over the prior art. Therefore, one or more of the same or 
corresponding particular technical features must be present in each of independent claims in 
order to show unity. 

Therefore, generally there are two options for solving this defect: (1) retaining the claims 
possessing the unity and deleting those without unity; (2) retaining the claims possessing the 
unity and amending the others by adding at least one particular technical feature same as or 
corresponding to that in the retained claims. 

As for the present application, it is recommended to argue the novelty and inventiveness 
of claim 1 and its dependent claims without or with appropriate amendment first, and then 
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retain the claims possessing the unity and amend the others hy adding at least one particular 
technical feature same as or corresponding to that in the retained claims. 

Please note that in a response to the OA, the amendments made to the claims must not go 
beyond the scope described in the initial description and claims. In China, whether an 
amendment goes beyond the scope is a big issue, and the examiners will examine this issue 
strictly, much stricter than examiners in many other countries. Any amendment should be 
found literally in the initial description and claims or determined directly and 
undoubtedly from the drawings and the contents literally recorded in the initial 
description and claims. 

A response and possible amendments must be submitted to the Office by July 25, 2010 
(Beijing Time) . Please give us your further instructions as soon as possible. The above 
official deadline can be extended once for one or two months. The cost for a one month 
extension is RMB940.00, including die official fee of RMB300.00 and an attorney fee of 
RMB640.00. The cost for a two-month extension is RMB1 240.00, including the official fee of 
RMB600.00 and an attorney fee of RMB640.00. 

We also list related rules of Chinese Patent Law below for your reference. 

Should you have any further questions, please do not hesitate to contact us. We look 
forward to hearing from you. 



Ylh/Lc/Knx 
Enclosures: 

1 . The Notification of the First Office Action (13 pages-by Airmail only); 

2. English translation of the First Office Action (8 pages-by Fax & Airmail); and 

3. Our invoice No. IP20101 106 (1 page-by Fax & Airmail). 

Patent Law: 

Article 22(2): Novelty means that the invention or utility model does not belong to prior art; nor has any 
other party or individual filed previously with the Patent Administration Department Under the State 
Council an application which described the identical invention or utility model before the date of filing and 
was recorded in patent application documents published after said date of filing or was announced in patent 
documents after said date of filing. 

Article 22(3): Inventiveness means that, as compared with the prior art, the invention possesses 
prominent substantive features and represents a notable progress and that the utility model possesses 
substantive features and represents progress. 

Article 31(1): An application for a patent for invention or utility model shall be limited to one invention 
or utility model. Two or more inventions or utility models belonging to a single general inventive concept 
may be filed as one application. 

Article 33: An applicant may amend his or its application for a patent, but the amendment to the 
application for a patent for invention or utility model may not go beyond the scope of the disclosure 
contained in the initial description and claims, and the amendment to the application for a patent for design 
may not go beyond the scope of the disclosure as shown in the initial drawings or photographs. 
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Text of the First Office Action 

(For the National Phase of the PCT Application) 

Application No.: 2005800024715 

The present application relates to electrochemical cells and methods of operating the 
same, as well as methods for making ferrate. Upon examination, [the Examiner] now provides 
the following examination opinions. 

The present application includes the following seven groups of claims: I (1-24), II 
(25-45), III (46-61), IV (62-77), V (78-92), VI (93-95) and VII (96). 

/. There lacks unity between independent claim 1 and claims 46, 62, 93, 96, which is 
not in conformity with the provisions of Article 31(1) of Patent Law. 

The same or corresponding technical feature between claim 1 and claims 46, 62 is: an 
undivided electrochemical cell (an electrochemical cell) comprising a cathode, an anode and 
an electrolyte solution. However, the undivided cell comprising a cathode, an anode and an 
electrolyte solution is a common cell in the relevant field of technology and is a common 
technical means in the field of electrochemistry. Therefore, there is no unity between claims 1 
and 46 and between claims 1 and 62. 

The same or corresponding technical feature between claim 1 and claims 93, 96 is: a 
housing defining an undivided chamber, the housing having an electrolyte inlet, electrolyte 
outlets, an anode, a cathode and an electrolyte. However, it is a conventional technical means 
in the field of electrochemistry that a cell has a housing defining an undivided chamber, within 
which, an anode, a cathode and an electrolyte are contained and an electrolyte inlet and outlets 
are provided. Therefore, there is no unity between claims 1 and 93 and between claims 1 and 
96. 

The Examiner has conducted search and examination for claim 1 as well as its dependent 
claims. The applicant shall delete claims 46, 62, 93 and 96 which do not possess unity with 
respect to claim 1 and have not been searched, so as to make the present application meet the 
requirements of Article 31(1) of Patent Law. The applicant should note that if the amendment 
the applicant makes to the application documents only involves deleting claim 1 which has 
been searched and commented while retaining claims 46, 62, 93 and 96 as well as their 
dependent claims which do not possess unity with respect to claim 1 and have not been 
searched, such amendment is not in conformity with the provisions of Rule 51(3) of the 
Implementing Regulations of Patent Law. In such condition, the Examiner will, based on the 
application text currently examined, issue a Decision of Rejection on the ground that the 
present application is not in conformity with the provisions of Article 31(1) of Patent Law. 

//. Based on the current application text, the examination opinions regarding 
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independent claim 1 as well as its dependent claims are set forth as follows: 

Claims 1-4, 6-7 and 12-18 do not possess novelty under Article 22(2) of Patent Law; and 
Claims 4-13 and 19-24 do not possess inventiveness under Article 22(3) of Patent Law. 

1. Claim 1 seeks protection for an undivided electrochemical cell. Reference 1 
(US4256551) disclosed an undivided electrochemical cell without membrane therein, 
comprising a housing defining an undivided chamber, the housing having an electrolyte inlet 
port 7, an outlet port 8 for liquid chlorine along with brine, an outlet port 9 for sodium 
hydroxide solution along with brine and an outlet port 10 for hydrogen, the chamber being 
provided with a cathode 17 and an anode 18 and filled with an electrolyte, wherein said 
cathode may be nickel or mild steel mesh and said anode may be titanium mesh (both the 
anode and the cathode are not gas diffusion electrodes) (see the abstract; columns 1 -2 and the 
contents from line 39 in column 4 to line 42 in column 5 of the description; and FIGS. 1 , 2 and 
3 of Reference 1 ). Thus it can be seen that Reference 1 has disclosed all the technical features 
of claim 1 and their technical schemes are the same; additionally, the technical scheme 
disclosed by Reference 1 and that sought for protection in claim 1 belong to the same technical 
field, can solve the same technical problem, and can produce the same technical effect. 
Therefore, the technical scheme sought for protection in claim 1 does not possess novelty. 

2. Claim 2 depends on claim 1, and its additional technical feature further defines the 
electrolyte outlets; however, said additional technical feature also has been disclosed by 
Reference 1 (see lines 22-42 in column 5 of the description and FIGS. 1, 2 and 3 of Reference 
1): the cell housing was provided with an outlet port 8 for liquid chlorine along with brine and 
an outlet port 9 for sodium hydroxide solution along with brine, i.e., it had two electrolyte 
outlets. Therefore, when the cited claim does not possess novelty, claim 2 does not possess 
novelty either. 

3. Claim 3 depends on claim 1 and claim 4 depends on claim 3, but their additional 
technical features also have been disclosed by Reference 1 (see lines 1-42 in column 5 of the 
description and FIGS. 1, 2 and 3 of Reference 1): the cell was provided with a splitter 19 
(serving as a fluid flow controller of a weir structure) in fluid communication with the 
electrolyte outlets, controlling the flow of the electrolyte through the outlets to control the flow r 
of the brine electrolyte over the surfaces of the cathode and the anode. Therefore, when the 
cited claim does not possess novelty, claims 3 and 4 do not possess novelty either. Meanwhile, 
selecting the fluid flow controller from flow restrictions, valves, screens, fluid flow 
constrictions or bends only relates to common option in the relevant field of technology; that is 
to say, when the above fluid flow controllers are selected, claim 4 does not possess 
inventiveness. 

4. Claim 5 depends on claim 1, and its additional technical feature further defines the 
material of the anode in the cell. However, to a person having ordinary skill in the art, using a 
material containing iron to make the anode is a common selection in the relevant field of 
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technology, and it does not require creative work. Therefore, when the cited claim does not 
possess novelty, claim 5 does not possess inventiveness. 

5. Claims 6 and 7 depend on claim 1, and their additional technical features further define 
the anode in the cell. However, said additional technical features also have been disclosed by 
Reference 1 (see lines 18-31 in column 2 and lines 1-9 in column 5 of the description of 
Reference 1 ): the anode in the cell may be titanium mesh (a subordinate concept of expanded 
metal mesh), for example, it may be a titanium mesh coating titanium oxide or ruthenium 
oxide (a DSA electrode). Therefore, when the cited claim does not possess novelty, claims 6 
and 7 do not possess novelty either. Furthermore, it is easy for a person having ordinary skill 
in the art to think of selecting the anode from solid iron plate, wire mesh, woven metal cloth, 
wire, rod, or combinations thereof as well as iron, steel, platinum, iridium, and other oxidation 
resistant electrolytically conductive materials; namely, claims 6 and 7 do not possess 
inventiveness. 

6. Claims 8 and 9 both depend on claim 1, and claims 10 and 11 both depend on claim 9. 
Their additional technical features further define the relative surface area of the anode to the 
cathode. However, a person having ordinary skill in the art can obtain, by means of regular 
experimental adjustment, corresponding ratio of the surface area of the anode to that of the 
cathode as defined in said additional technical features, and it does not require creative work. 
Therefore, when the cited claims do not possess novelty/inventiveness, claims 8, 9, 10 and 11 
do not possess inventiveness. 

7. Claims 12 and 13 depend on claim 1, and their additional technical features further 
define the cathode in the cell. However, said additional technical features have been disclosed 
by Reference 1 (see lines 1-9 in column 5 of the description of Reference 1): the cathode in the 
cell may be nickel or mild steel mesh. Therefore, when the cited claim does not possess 
novelty, claims 12 and 13 do not possess novelty either. Meanwhile, when the cathode is made 
of other materials or in other structures as recited in the additional technical features, claims 
12 and 13 do not possess inventiveness, since they can be obtained through regular selection in 
the relevant field of technology. 

8. Claim 14 depends on claim 1; claims 15, 16 and 17 depend on claim 14; and claim 18 
depends on claim 17. Their additional technical features further define the working solution in 
the cell, but in Reference 1 the cell is also filled with said working solution, so the limitation 
to the working solution in the additional technical features cannot distinguish the cell structure 
for which protection is sought in the present application from the cell of Reference 1. 
Therefore, when the cited claim does not possess novelty, claims 14-18 do not possess novelty 
either. 

9. Claim 19 depends on claim 1; claims 20 and 21 depend on claim 19; and claim 22 
depends on claim 20. In the cell disclosed by Reference 1, a splitter is provided to vary the 
How of the electrolyte over the surfaces of the cathode and the anode, for example, the flow 
over the surface of the anode may be controlled at 40ml/min and the flow over the surface of 
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the cathode may be controlled at 30ml/min (see lines 1-42 in column 5 of the description and 
the Example of Reference 1). In order to provide a better control over different flow of 
electrolyte over the surfaces of the cathode and the anode, it is easy for a person having 
ordinary skill in the art to think of providing between the anode and the cathode of the cell a 
meshed screen; and in order to resist alkaline corrosion, it is a common selection in the art to 
use the plastic selected from polyolefins, fluoropolymers, or polyvinyl chloride as the material 
of the screen, and it does not require creative work; meanwhile, the mesh on the screen 
provides an open area between the cathode and the anode, the size of the mesh can be obtained 
by a person having ordinary skill in the art through limited times of experimental adjustment. 
Therefore, when the cited claim does not possess novelty/inventiveness, claims 1 9-22 do not 
possess inventiveness. 

10. Claim 23 depends on claim 1, and its additional technical feature further defines the 
housing of the cell. Reference 1 disclosed that glass or silica can be selected to fabricate the 
baseplate, walls and cover of the cell housing (see lines 51-68 in column 4 of the description 
of Reference 1). On the basis of the above disclosure, it is easy for a person having ordinary 
skill in the art to think of making the housing using a material selected from metal, fiberglass, 
thermoplastic reinforced plastic or thermosct reinforced plastic, concrete, rubber, or 
combinations thereof, including constructed as a corrosion resistant liner within rigid-walled 
structure. Therefore, when the cited claim does not possess novelty, claim 23 does not possess 
inventiveness. 

11. Claim 24 depends on claim 1, and its additional technical feature further defines the 
power supply. However, it is a common technical means for a person having ordinary skill in 
the art to select a variable direct current power supply operatively connected to the 
electrochemical cell, which does not require creative work. Therefore, when the cited claim 
does not possess novelty, claim 24 does not possess inventiveness. 

///. There lacks unity between independent claims 25 and 78, which is not in 
conformity with the provisions of Article 31(1) of Patent Law. 

The same or corresponding technical feature between claim 25 and claim 78 is: the 
electrochemical cell comprising a housing defining an undivided chamber, the housing having 
an electrolyte inlet, at least two electrolyte outlets, an anode in the chamber, and a cathode in 
the chamber; introducing an electrolyte through the inlet; and controlling an amount of 
electrolyte flowing out of the electrolyte outlets so that more electrolyte flows past the anode 
than the cathode. By referring to the examination opinions stated in Items II. 1, II. 3 and 11.9, it 
can be known that the above technical features have been disclosed by Reference 1 ; namely, 
they are not the technical features defining a contribution over the prior art. Therefore, there is 
no same or corresponding particular technical feature between claims 25 and 78, and thus 
there lacks unity. 

The applicant should make a response within the time limit specified in this notification 
to answer all the issues raised herein and amend the application documents when necessary; 
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otherwise, the present application can hardly be granted patent right. The amendments made to 
the application documents must not go beyond the scope recorded in the initial description and 
claims as required by Article 33 of Patent Law. 

The amendment documents to be submitted should include: a copy of part of the original 
document where amendments are involved, on which, the amendments (adding, deleting or 
replacement) should be marked; and re-printed substitute sheets (in duplicate) for replacing the 
corresponding part of the original document. The applicant should ensure consistency of 
contents between the above two documents. 



Examiner's Name: Fangfang Peng 
Examiner's Code: 199121 



210402 Paper Application: Mail to. The Receiving Department, Patent Office of Sate IP Office. No ,6 Xitucheng Road, Jimenqiao. Haidian District, 
Beijing I0OO88 

2010.2 Electronic Application: Related documents shall be submitted in the form of E-documents via the electronic patent application system 
Unless otherwise provided, documents submitted in paper or other forms shall be deemed as not submitted. 

080600408 

Text of 1 a OA Page 5 of 5 Translated by AI'D 



THE STATE INTELLECTUAL PROPERTY OFFICE OF THE PEOPLE'S REPUBLIC OF CHINA 



Suhua Lu, Xia Zheng 


Issue Date: 


AFD China Intellectual Property 
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Application/Patent No.: 200S80002471.5 Issue No.: 2010030600050260 

Applicant/Patentee: Battelle Memorial Institute 



Title of Invention: Methods and Apparatus for Producing Ferrate (VI) 

THE FIRST OFFICE ACTION 

(For the National Phase of the PCT Application) 

1. (SI This application has been examined as to substance by the Office pursuant to Article 35(1) of 

Patent Law upon the applicant's request for substantive examination. 

□ This application has been examined as to substance by the Office pursuant to Article 35(2) of 
Patent Law upon the Office's own decision. 

2. ID The applicant claims: 

the filing date January 16. 2004 in the US Patent Office as the priority date. 

3. □ Upon examination, the amendment submitted by the applicant on _ is not in conformity with 

the provisions of Rule 51(1) of the Implementing Regulations of Patent Law and is thus not 
accepted. 

4. □ The examination is made on the Chinese text or Chinese translation of the international 

application originally filed. 

0 The examination is made on the following application documents: 

drawing of the abstract, abstract of the description, and paragraphs 2, 4-11, 13-18, 20-22, 
25-31, 33-44, 47-54, 56-68, 70-160, 162-175, 177, 180-186, 188-232, 235-264 and 266-348 of 
the description submitted on July 14, 2006; 

drawings of the description and paragraphs 144, 161, 178-179, 187, 222 and 233-234 of the 
description submitted on September 5, 2006; and 

claims 1-96 and paragraphs 1, 3, 12, 19, 23, 24, 32, 45-46, 55, 69, 176, 200 and 265 of the 
description submitted on July 17, 2009. 

5. 0 The following reference documents have been cited in this office action (their serial numbers 



will be referred to in the ensuin g examination proced ure): 



Serial No. 


Reference document number or title 


Publication Date 
(or Filing date of interference patent applications) 


1 


US4256551 


March 17, 1981 



6. The conclusive opinion of the examination is as the following: 
Regarding the description: 

□ the subject matter of the application falls into the unpatentable scope prescribed by Article 5 
of Patent Law. 

□ the description is not in conformity with the provisions of Article 26(3) of Patent Law. 

□ the description is not in conformity with the provisions of Article 33 of Patent Law. 

□ the description is not drafted in accordance with the provisions of Rule 17 of the 
Implementing Regulations of Patent Law. 

□ 

Regarding the claims: 
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□ claims are not in conformity with the provisions of Article 2(2) of Patent Law. 

□ claims are not in conformity with the provisions of Article 9(1) of Patent Law, 

IE claims 1-4, 6-7 and J 2-L8 do not possess novelty prescribed by Article 22(2) of Patent Law. 
13 claims 4-13 and 19- 24 do not possess inventiveness prescribed by Article 22(3) of Patent 
Law. 

□ claims do not possess practical applicability prescribed by Article 22(4) of Patent Law. 

□ claims fall into the unpatentable scope prescribed by Article 25 of Patent Law. 

□ claims are not in conformity with the provisions of Article 26(4) of Patent Law. 

El claim 1 and c laims (46, 62. 9 3, 96), claim 25 and claim 78 are not in conformity with the 
provisions of Article 31(1) of Patent Law. 

□ claims are not in conformity with the provisions of Article 33 of Patent Law. 

□ claims are not in conformity with the provisions of Rule 19 of the Implementing 

Regulations of Patent Law. 

□ claims are not in conformity with the provisions of Rule 20 of the Implementing 

Regulations of Patent Law. 

□ claims are not in conformity with the provisions of Rule 21 of the Implementing 

Regulations of Patent Law. 

□ claims are not in conformity with the provisions of Rule 22 of the Implementing 

Regulations of Patent Law. 

□ 

□ The application is not in conformity with the provisions of Article 26(5) of Patent Law or Rule 

26 of the Implementing Regulations of Patent Law. 

□ The application is not in conformity with the provisions of Article 20(1) of Patent Law. 

□ The divisional application is not in conformity with the provisions of Rule 43(1) of the 
Implementing Regulations of Patent Law. 

The detailed analysis for above conclusive opinion is described in the text of this office action. 

7. On the basis of the above conclusive opinion, the examiner holds that: 

□ the applicant should make amendment to the application document in accordance with the 
requirements described in the text of this office action. 

El the applicant should, as a response, expound reasons to prove the patentability of this 
application and amend the application document where it is not in conformity with the related 
regulations as mentioned in the text of this office action; otherwise the patent right shall not be 
granted. 

□ the application does not possess any substantive patentable contents, if the applicant fails to 
expound reasons or the reasons expounded are not sufficient, this application will be rejected. 

□ 

8. The applicant must pay special attention to the following matters: 

(1) The applicant must submit a response within four months from the date that this office 
action is received, pursuant to the provisions of Article 37 of Patent Law. If the applicant 
fails to respond within the time limit without any justified reason, the application will be 
deemed to have been withdrawn. 

(2) The amendment made by the applicant must not go beyond the scope recorded in the initial 
description and claims as required by the provisions of Article 33 of Patent Law; 
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ABSTRACT 



A process for electrolysing at least a proportion of a 
liquid comprising an electrolyte which process com- 
prises passing the liquid between electrodes, at least one 
of which is an anode and at least one of which is a 
cathode, the liquid being in a state of laminar flow sub- 
stantially parallel to the electrodes, the electrodes being 
disposed substantially horizontally above each other 
and each electrode being permeable to the product(s) or 
solutions thereof produced at or adjacent the electrode 
and, where a density difference is generated on produc- 
tion of the products, the relative disposition of the elec- 
trodes is such that the density difference reduces the 
possibility of the produces) produced at or adjacent the 
anode mixing with the product(s) produced at or adja- 
cent the cathode. The process is especially applicable to 
the electrolysis of brine. 

15 Claims, 4 Drawing Figures 
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be deposited on or liberated at the electrode to which an 
ELECTROLYTIC PROCESS ion migrates and gives up its electric charge, e.g. an 

anion migrates to an anode and loses an electron to the 

This invention relates to electrochemical processes, anode, and a cation migrates to a cathode and accepts 
particularly to electrolytic processes and to apparatus in 5 an electron from the cathode, or (b) a product formed 
which such processes are carried out. when the uncharged atom or group reacts chemically 

In the electrolysis of an electrolyte in a liquid in an with the electrode, a solvent (where it is present), or 
electrolytic cell, often a porous partition, typically a with a substance present in the liquid, 
permeable membrane, is dispoed between the anode and The permeable electrodes may be formed of parallel, 
the cathode to prevent or reduce the produces) pro- 10 woven, knitted or sintered fibres, sintered particles, 
duced at the anode mixing or reacting with the pro- perforated plate, expanded metal or a skeleton foam, or 
ducts(s) produced at the cathode. Moreover where an mechanical assemblies thereof. Preferably the electrode 
electrolytic product is immiscible with the liquid it is a woven mesh or a plurality of parallel fibres or an 
often forms a polarising layer on the electrode at which expanded metal. Preferably the "pores" of such elec- 
it is produced, which layer hinders or interrupts the 15 trodes or, where parallel fibres are employed the dis- 
electrolysis. We have now found that where the liquid tance between fibres, are smaller than die distance be- 
flows under conditions of laminar flow substantially tween the anode and the cathode, 
parallel to the surface of substantially horizontal elec- The material of the electrodes will necessarily be 
trodes, these problems can be alleviated by employing electrically conducting and will be chosen with regard 
electrodes which are permeable to the product(s) or 20 to the liquid and product(s) which they are to contact 
solutions) thereof produced at or adjacent the elec- and the mechanical stresses to which they are to be 
trodes. subjected. Suitable materials are well known in the 

Accordingly, the present invention provides a pro- electrolytic art and choice of suitable materials will 
cess for electrolysing at least a proportion of a liquid present no problem to the skilled man. As examples we 
comprising an electrolyte which process comprises 25 would mention a nickel or mild steel cathode and a 
passing the liquid between electrodes at least one of titanium anode for the electrolysis of an alkali metal 
which is an anode and at least one of which is a cathode, halide brine, e.g. sodium chloride brine. It will be appre- 
the liquid being in a state of laminar flow substantially ciated that to facilitate disengagement of a product from 
parallel to the electrodes, the electrodes being disposed an electrode the electrode may have a suitable surface 
substantially horizontally above each other and each 30 treatment which inhibits the product wetting the dec- 
electrode being permeable to the produces) or solutions trode. It will be appreciated that to facilitate discharge 
thereof produced at or adjacent the electrode and, of ions at an electrode it may have a suitable surface 
where a density difference is generated on production treatment However, such treatments should not cata- 
of the products, the relative disposition of the elec- lyse or facilitate an undesirable reaction. For example, 
trodes is such that the density difference reduces the 35 in the electrolysis of brine the anode may be treated 
possibility of the produces) produced at or adjacent the with titanium/rutheninm oxides which facilitate the 
anode mixing with the produces) produced at or adja- discharge of chloride ions but does not give a suffi- 
cent the cathode. cientiy high over-voltage for the production of oxygen. 

While the liquid may be a molten electrolyte prefera- For a given liquid at a given temperature and a given 
bly it is a solution or.dispersion of the electrolyte in a 40 rate of flow, the upper limit of the distance between the 
suitable solvent. anode and the cathode (the anode/cathode gap) is die- 

By "electrolyte" we mean a substance which in a tated by the Reynolds Number at which turbulence sets 
suitable solvent or gel or as a melt gives rise to at least in and by the acceptable ohmic drop between the anode 
one anion and at least one cation. An electrolyte may be and the cathode. Likewise as the anode/cathode gap is 
a so-called "strong" electrolyte, i.e. an electrolyte 45 decreased the practical difficulty of maintaining them 
which contains a stable ionic bond and is substantially ' parallel increases and imposes a lower limit on the said 
wholly ionised in solution. An electrolyte may be a gap. Preferably the anode/cathode gap is between 0.1 
so-called "weak" electrolyte, i.e. an electrolyte which mm and 2 era, more preferably between 0.5 mm and 4 
contains a covalent bond which may be transformed mm. 

into an ionic bond such that a solution of the electrolyte 50 As electrolysis proceeds the density of the liquid in 
in a suitable solvent or a melt of the electrolyte contains the region of the electrodes may change and the change 
ionic and covalent bonds in dynamic equilibrium. Elec- of density may be different in the region of the anode to 
trolytes are typically acids, bases or salts. that in the region of the cathode. The change in the 

By "electrolysis" we mean the decomposition of an density of the liquid in the region of an electrode is 
electrolyte by the passage of an electric current through 55 dependent inter alia on the loss of electrolyte from the 
a solution or a melt of the electrolyte such that at least said region and on the nature of the product produced 
one anion migrates to an anode to lose at least a propor- in the said region, e.g. its miscibility or lack of miscibil- 
tion of its charge and at least one cation migrates to a ity with the liquid. 

cathode to lose at least a proportion of its charge. The voltage drop between the anode and the cathode 

Throughout this specification, where reference is 60 due to the ohmic resistance of the solution, where a 
made to "electrode", "anode" or "cathode" such ex- solution is employed, will depend inter alia, on the par- 
prcssions are intended to include the case where a plu- ticular electrolyte present and on the ionic concentra- 
rality of anodes and/or cathodes are present. tion thereof. Furthermore, it will be appreciated that in 

By laminar flow we mean flow of a liquid in parallel order to reduce energy consumption the voltage drop is 
layers in contact with each other with little or no fltictu- 65 kept as low as possible commensurate with an accept- 
ation or turbulence disturbing the layers. able, rate of production of products. The voltage drop 
By "product produced at or adjacent an electrode" may be reduced by increasing the ionic concentration of 
we mean (a) the uncharged atom or group which may the electrolyte or by increasing the temperature. This 
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may. necessitate operating at the saturation concentra- 
tion of an electrolyte in a solvent For example, the 
electrolysis of sodium chloride is typically effected m 
saturated brine. 

A product of the process of the present invention 5 
may be a gas, a liquid or a solid. The process may be 
operated under conditions of temperature and pressure 
such that the product, where it is a gas at ambient tem- 
perature and pressure, is produced as a liquid. For ex- 
ample, where chlorine is produced at the anode by the 10 
electrolysis of an alkali metal chloride brine the temper- 
ature of the brine is kept in the range 10° C.-lOO" C, 
preferably in the range 30* -50° C, and the pressure is 
kept in the range 50 to 750 psi, preferably in the range 
1 30-500 psi such that the chlorine is obtained as a liquid. 15 

Where a change in density occurs in the region of an 
electrode the relative disposition of the electrodes is 
chosen such that the change in density reduces the 
possibility of the product (s) produced at or adjacent the 
said electrode mixing with the product produced at or 20 
adjacent the electrode of opposite polarity. For exam- 
ple, where the density of a product or solution thereof 
produced at or adjacent a cathode has a density lower 
than that of the liquid, the cathode is disposed above the 
anode, e.g. where brine flows horizontally between an 25 
anode and a cathode, the cathode is made the upper 
electrode such that hydrogen produced may be readily 
disengaged from the liquid. Moreover, where the elec- 
trolysis of brine is effected under conditions of tempera- 
ture and pressure such that liquid chlorine is produced, 30 
which has a higher density than that of brine or caustic 
soda, disposition of the anode below the cathode further 
reduces the possibility of the products mixing. 

When liquid product e.g. liquid chlorine is produced 
at the lower electrode it is preferred that the depth of 35 
liquor below the lower electrode should increase 
through the cell in the direction of liquid electrolyte 
flow. Conveniently, this may be achieved by sloping the 
base of the cell downwardly towards the outlet for the 
liquid product. 40 

Where a gas is produced at the upper electrode the 
depth of the liquid above the upper electrode is prefera- 
bly kept to a minimum to allow ready disengagement of 
the gas. For example in the electrolysis of brine the 
depth of liquid above the upper electrode (the cathode) 45 
is preferably between 0.2 mm and 3 mm, more prefera- 
bly between 0.5 mm and 1.5 mm, to allow ready disen- 
gagement of the hydrogen produced at the cathode. We 
have found that where a gas is produced at the upper 
electrode the height of liquid above the upper electrode 50 
may conveniently be. kept at a pre-set height by posi- 
tioning the gas take-off port at the pre-set height with 
liquid discharging through the gas take-off port such 
that if the rate of flow of liquid increases the pressure of 
the gas produced forces excess liquid out of the gas 55 
take-off port. 

It will be appreciated that the density of the layers of 
liquid adjacent the electrodes may be altered by impos- 
ing a temperature gradient on the cell in which the 
process of the present invention is carried out which 60 
temperature gradient may reduce the possibility of a 
product produced at or adjacent the anode mixing with 
the product produced at or adjacent the cathode. For 
example, where brine is electrolysed as it flows horizon- 
tally between the electrodes the upper of which is the 65 
cathode, the region of the cathode is preferably heated 
to lower the density of the caustic soda produced in the 
said region so that the possibility of the caustic soda 



drifting to the anode is reduced. The distance over 
which the liquid flows in contact with .the electrodes in 
the process of the present invention is dependent inter 
alia on the rate of flow of liquid, and on the current 
density, i.e- the faster the rate of flow the longer the cell 
and the higher the current density the- shorter the cell. 
At convenient rates of flow and current density the 
length of the cell is typically between 5 and 50 cm, 
preferably between 1 5 and 30 cm. The current density 
employed will depend on the reaction occurring in the 
cell and for the electrolysis of brine we have found that 
current densities between 0.1 and 2.0 amp/cm 2 and 
preferably between 0.2 and 0.6 amp/cm 2 may be em- 
ployed. 

The rate of flow of the liquid is chosen such that it is 
sufficient to produce produces) at an acceptable rate, to 
maintain a suitable temperature in the cell, and to main- 
tain laminar flow. 

The electrolytic process according to the present 
invention may be employed inter alia in the production 
of chemicals, e.g. hydrogen, oxygen, hydrogen perox- 
ide, chlorine caustic soda, fluorine; in the extraction of 
metals from molten salts, e.g. aluminium, magnesium, 
sodium and from solutions of metal ores, e.g.- copper, 
zinc, cadmium. 

The invention will be further described by reference 
to the accompanying drawings which show, by way of 
example only, two chlorine cells suitable for use in the 
process of the present invention. In the drawings: 

FIG. 1 is a vertical longitudinal section through a first 
cell; 

FIG. 2 is a cross-section on the line AA of FIG. 1 to 
a different scale; 

FIG. 3 is a vertical longitudinal section through a 
second cell having a modified exit , port and showing 
further details of construction. 

FIG. 4 is a cross-section on the line BB of FIG. 3. 

Referring to FIGS. 1-4, each cell is provided with a 
baseplate 1, end walls 2,3 (shown diagramrnatically in 
FIG. 2 and in more detail in FIG. 4), sid,e,walls 4,5, and 
a separate cover 6 (as shown in FIGS. 1 and 2) but 
which may alternatively be effected by superimposing 
two cells (of the type shown in FIGS. 3 and 4) fin top of 
one another. The baseplate 1, end walls 2, 3, sidewalls 4, 
5 and cover 6 are suitably fabricated of glass or silica. 
The baseplate 1 slopes downwardly (as shown in FIG. 
3; not shown in FIG. 1) from side wall ,2 to end wall 3 
at a shallow angle, for example at an angle to the hori- 
zontal of from 1° to 10° typically 2\ , 

Each cell is provided with an inlet port 7 for sodium 
chloride brine, and an outlet port 8 for.liquid chlorine. 
The inlet port 7 (as shown in FIG. 3) is conveniently 
connected with a header 7a from which it is fed to the 
cell through a plurality of ports 76. The cell shown in 
FIGS. 1 and 2 has an outlet port 9 for sodium-hydroxide 
solution and an outlet port 10 for hydrogen. The cell 
shown in FIGS. 3 and 4 has a single outlet port 11 for 
both sodium hydroxide solution and hydrogen. The 
inlet port 7 and the outlet ports 9, 10, 11 are typically of 
mild steel, and the outlet port 8 is typically of titanium. 

The end wall 2 (as generally indicated in FIG. 3) 
typically comprises a mild steel end plate 12, a block or 
slab 13 of plastics material (e.g.. polyvinyl chloride, 
polytetrafluoroethyleiie) and a thin sheet 14 of titanium 
provided with ports 76 connecting with header la and 
inlet port 7 (as generally indicated in FIG. 3). The end 
wall 3 (shown in FIG. 3) typically .comprises a mild 
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steel end plate 15, and a sheet 16 of plastics material (e.g. cathode, the liquid being in a state of laminar flow sub- 
polyvinyl chloride, polytetrafluoroethylene). stantially parallel to the electrodes, the electrodes being 

A cathode 17 is typically formed of nickel or mild disposed substantially horizontally above each other 
steel mesh. Anode 18 is typically formed of titanium and each electrode being permeable to the produces) or 
mesh and is provided with an electrocatalytically active 5 solutions thereof produced at or adjacent the electrode 
coating, for example a coating comprising a mixture of and, where a density difference is generated on prodtic- 
rutheniurn oxide and titanium dioxide. A splitter 19, tionof the products, the relative disposition of the elec- 
typically of titanium serves to vary the flow of brine trades is such that the density difference in combination 
over the anode and cathode surfaces respectively. with laminar flow of the liquid reduces the possibility of 

Current is fed to the cathode 17 by means of copper 10 the produces) produced at or adjacent the anode mix- 
busbars 20 and to the anode 18 by means of copper ing with the produces) produced at or adjacent the 
busbars 21 (as shown in FIGS. 3 and 4; the electrical cathode. 

leads are not shown in FIGS. 1 and 2). The busbars 20, 2. A process as claimed in claim 1 wherein the ano- 

21 may be connected to the cathode 17 and anode 18 by de/cathode gap is between 0. 1 mm and 2.0 cm. 

any convenient means, for example by brazing or 15 3. A process as claimed in claim 2 wherein the ano- 

clamping, and may be protected from conditions within de/cathode gas is between 0.5 mm and 4 mm. 

the cell environment by suitably plating, for example 4. A process as claimed in any one of the preceding 

with nickel. claims wherein each electrode comprises a woven mesh 

The end plates 2, 3 are conveniently held together by or a plurality of parallel fibres or an expanded metal, 
means of tie rods 22 (as shown in FIG. 4) typically of 20 5. A process as claimed in claim 4 wherein the pores 
mild steel. of the electrode or, where parallel fibres are employed, 

In the electrolysis of brine in the cell, brine (6N) at a the distance between fibres, are smaller than the ano- 
temperature of 30° C. flows in through port 7 to de- de/cathode gap. 

velop a pressure of 150 to 250 psi, e.g. 200 psi, in the cell 6. A process as claimed in any one of the preceding 
and flows through the cell under conditions of laminar 25 claims wherein the electrodes are disposed so that the 
flow. Chlorine produced at the anode 18 is formed as a product(s) or solutions thereof produced at or adjacent 
liquid and falls to the bottom of the cell and is expelled to the lower electrode having a density which is greater 
from the cell via port 8 along with brine. Sodium hy- than that of the liquid or other liquid produces) and so 
droxide solution is produced at cathode 17 and is dis- that the productfs) or solutions thereof produced at or 
charged with brine through port 9 (FIG. 1) or port 11 30 adjacent to the upper electrode have a density which is 
(FIG. 3). Hydrogen is produced at the cathode; it col- lower than that of the liquid or other liquid produces), 
lects at the top of the cell and escapes through port 10 7. A process as claimed in any one of the preceding 
(FIG. 1) or port 11 (FIG. 3). The pressure of hydrogen claims wherein a temperature gradient is imposed be- 
can be used to keep the level of liquid in the cell below tween the electrodes to reduce the possibility of the 
a pre-set height indicated by the dotted line in FIGS. 1 35 produces) or solutions thereof produced at or adjacent 
and 3, e.g. if the flow of brine increases so that the level to the anode mixing with the productfs) or solutions 
tends to rise above the dotted line, the pressure of the thereof produced at or adjacent to the cathode, 
hydrogen forces excess brine out through the port 10 8. A process as claimed in any one of the preceding 
(FIG. 1) and port 11 (FIG. 3). claims wherein the pressure and temperature are such 

The invention is further illustrated by the following 40 that at least one of the products produced at the lower 
Example relating to the electrolysis of sodium chloride electrode, which is a gas at ambient temperature and 
brine. pressure, is produced as a liquid having a density 

greater than that of the liquid or other liquid produces). 
tAAMrLb £ a process as claimed in claim 8 wherein the elec- 

The cell (20 cm long and of cross-section 2 cm by 2 45 trolysis is carried out at a temperature in the range 10" 
cm) was provided with a titanium mesh anode coated ■ C. to 100° C. and at a pressure within the range 50 psi to 
with a mixture of ruthenium oxide and titanium dioxide 750 psi. 

and a titanium mesh cathode which was similarly 10. A process as claimed in claim 9 wherein the elec- 
coated (the coating served to protect the titanium cath- trolysis is carried out at a temperature in the range 30° 
ode from hydrogen attack). 50 C. to 50° C. and at a pressure within the range 130 psi to 

6N sodium chloride brine was passed between the 500 psi. 
electrodes at a rate of 70 ml/rain (split approximately 40 11. A process as claimed in any one of claims 8 to 10 
ml/min to the anode surface and 30 ml/min to the cath- wherein the depth of liquor below the lower electrode 
ode surface). The cell was maintained at a pressure of increases through thecell in thedirectton of liquid elec- 
205 psi, and operated at 3.4 volts initially (which gradu- 55 trolyte flow. 

ally increased to 3.7 volts over 3 hours) and at a current 12. A process as claimed in any one of the preceding 
density of 0.25 amp/cm 2 . The anode/cathode gap was 4 claims wherein at least one of the products produced at 
mm and the depth of brine above the cathode was about the upper electrode is a gas and wherein the depth of 
1.5 mm. Liquid chlorine and dissolved chlorine, total- liquid above the upper electrode is kept to a minimum 
ling 0.088 M in brine, was discharged from the bottom 60 to allow ready disengagement of gas. 
of the cell. Sodium hydroxide (0.01 M in brine), hydro- 13. A process as claimed in claim 12 wherein the 
gen and chlorine (0.01 M in brine) were discharged depth of liquid above the upper electrode is between 0.2 
from the top of the cell, mm and 3 mm. 

What we claim is: 14. A process as claimed in any one of the preceding 

1. A process for electrolysing at least a proportion of 65 claims wherein the liquid is an alkali metal halide brine, 
a liquid comprising an electrolyte which process com- 15. A process as claimed in claim 14 wherein the 
prises passing the liquid between electrodes, at least one alkali metal halide is sodium chloride, 
of which is an anode and at least one of which is a * * * * * 



